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CONCERNING THE AUTOMATION OF -PROCESSING

AT AT LU € 1

OF EXPERTMENTAL DATA IN

v
| CINVESTIGATING THR IRREGULAR TONOY PHERK
T/Follf;awmg is the tranalation of an article
fo V,ﬁg Gusev and T.A, Gaylit entitied "Ob
'*Avtom&;izatsii Obrabotkl Fksperimerntal nykh %
ykﬁ pri Issledovanil Neregulysrnoy Tono- g
i'wf%wi* (Fnglish version &bovéf in Vestnik
:ﬁ&@%@?&kﬁgﬁ Univoraltets, Beriva IT1, Fiz. | g
% © Aptron, (Hevald of the MHoscow University, 3rd
Series, Phys. Asiron,), Hossow, 1960, No, 1,
pages 39=4%,/ -
" The article discusses the circultry of an elec-
tronile correlograph for the caleulation of the structure

. functlon. of a random process having a spectrum of 0-4 cps

" without érevious recording on a photographlce £film or mag~.[

' netle tapé; The accuracy of caléulation 1s 3%. ;
The proposed 1gycut gan be used for the éxaminatibn

of the dynamics of the fine etructure of the lonosphere,
iand for investigation of any random process wilth a low-
4

frequency spectrum,
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INTRODUCTION
Problems of lavestigation of the fine structure of
the lonocsphere are most fully salﬁéd at‘th& preeent time
by means of correlatlon asnalysis. The caleulation of such

characteristics of the fine mitructure as the dimensions of

nonuniformities, thelr anilsctropy, the rate of thelr chaotj

variatimgﬁg direction and véloeity‘of'drift, involves
analyﬁ¢ﬂ ¢f cor re*atﬁan funetions of the reflected radlo
ﬁignaj amplitudes ag obgeryveld at thre* spatially separated
p&;nta /1/

Ingsmuch as regular observation of the state and
"particulaﬁy“th@ ﬁh&mgeé of the nonuniform giructure of
the ilonosphere ﬁﬁ of intmwes“; it is necessaxy to automate
the processing o? t%e da?a st lezst partially; the corre-
1atiaﬁ funetion in partioe ular should be obtained automati-
gaiiy,'hecaume the calculsbtion and manual consbtruction of
thesge funciions iy quilte tlme consuming. -

In the correlators~degeribed in the sreelal lltera
ture (see, for example, /Q/), the procegs belng investliga-
ted 18 recorded on & photographic film or magnetic tape |
-and then processed n times through the correlator (n is
the number of pointg of the function to be caleulated),
| For solution of the special problem arising in

ionospheric measurements, & simpler device can be con-

)
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structed which determines gimultansously n polnts of the

funetion being caleulated without a prévious recording of

the process.

conslderablie simpliflcation of the e¢lrcults can be

achleved by using discrete sel@cti@nk ;
In processing, the contﬂnuauﬂ procesg 18 replaced
by discretely selected vaﬁuea spaced at a time inte"val to
The Integration of the correlation function
.
gxmx@me
(13
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i R
is replaced by the summation

AR
qum” %‘xu«Kng%Mr ).
K—o

A time Iinterval tO for which two successively selected
quantities x(t} and x(t#to) do not corraliate mutually 1s
the most rational /4,5/, Let us note that the use of dis- |
erote periodic selection 18 possible for random processes
oniye For periodic processes, such selectlon wlll, 1in gen-

eral, glve incorrect resulte, . - E

Section 1.

The peculiarities whiech arise in connectlon with
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'cdnstr&@tion of & eorreiatlion device for study of the fine &
 structure of the ilonc sphere d?@t

1. The part of the frequency spectrum of the vando%
process Lo be investigated iz 0-3 c¢ps, The radii of ~orre«;

 lation vary frowm dne o several 3$¢andﬂe Thus the range

b C
from 0,1 to several seconds 15 & satisfactory retardation

- bime,

‘The problem of the averaging time of the proceﬁ

£
ey

has not been fully resolved, An increane in the avéraging

LTV s e o7 e mmue s

interval reduceg the statistleal srror of the function de~
termination, but the zf esence of large nonuniformities in
.the lonogphere leads to instablility of the process, and.
bl&ys gn important role in the case when ﬁhe.time of'inﬁeni
gration ig of the ﬁams ofder ag the periocd of a large non-
uniformity. The optimum integration time is three minut&s.“
Here, the integration taterval contains 50-10C correlation
radii of the prossss, the statistlcal error in d@teﬁmining:
the correlation function is 10-15% /3/, and the averaging
time 1z a fraction of the period of the large nonunlforml-!
ties (15-20 minutes). |
3, Since the statistical errors in determination

(10-15%), the pre-

ﬁ'&

- of the function may be relatively larg:

eision of the apparatus need not be teoo high.
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Section 2. ‘ ‘ _ f
Adny  funetlon simply connected to the corfir*n»:::Leﬂ:if:rI

i

funetion mey be taken as the funetion to be caleulated,

¥

Sueh & funetion, for example, 1g the structure function,

L S RN S R—

.,f.m.&' ﬁ‘)’ = Q'A: = X, y o Q3% ﬁ e «Rm 6?}3 '
" Hers - X=X {f)
X, =xli 4 2),

‘f’z —r .

o : , i
In & similar manner, 10 16 possidble to get up the Etrucﬁuré.

functlion reciprocsaily:

.f ¥ i‘:) am zﬁ;’iﬁj‘;

If'gpaﬂﬂ y are amplitudes of a refiected signal observed
at two separate points in space, the assumptlon of equality
¢f the averagew and @iapersiénﬂ of theee quantities corre-
- sponds to the assumption of a steady and uniform statlstl-
eal ensemble of messurad amplitu@eﬂ, For this condltlon,

which 18 usually azsumed to hold, the normg of the struc~
ture functions of the amplliuvdes ave équal when they are

ohrarved ‘at points a@parated in spsce, Therefore, 1f three

recelving channels with equal amplification at th@ operat-

’
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ing freguency are used, there 1s no need for normalization

of the structure functlong for caleulating all averags

pattern, except for the correlatlon radlus. 1T necessary,
the functlon may be normalized with the 21d of the corre-
lator to be described {see Seotlon 5},

The structure function is better sulted for auto-
matlc computaticn than the correlation funcilon for the
followlng reasons:

1. Fewer and simpler operations are requlred for
caleulatlon of the siructure functlon, '

2. The caloulstlion of the correlstion functlons
requires very high accuracy in some operaticng., Indeed,
the differsnce E&;m~§§ for a random procesgs is conglder~
ably smaller than each of the above terms %ﬁ% and xy. The
tlon, a&nd ﬁuhtraati@m er-

storage, multiplication, integra

ey oy - s i 3 .
rorg apply preels
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Hive error of the difference may be several tlmes
g?aaﬁer th&n the errors of the subtrahend and minuend. In
caloulating the structure funation, only storage and pub-
tractlon ervors can_aiv% this effgct, and higher require-
ments are set up for the precision of these operations.

We can also use & simpler functlon — the average

Er e N Y

modulusg of the difference!x wusz The advantages of this
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paramsters of the motlon and the geometry of the diffraction
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funetlon 18 in known relationship to the correlation func-
tion only for the normal ahd Rﬁvlelgh 01“1P wat ioLag

Below, & deviece for settlng up the structure P%na

?tion of a random process 1s discuseed, but 1t prindipie&

e,

tion.,

Tha process of computing a structure Tunttlon may
pe divided into the followlng steps: itlime delay of the

»

process, sublrastlon, squaring, Integration and &lsplay,

f the wvoltapes at different

G

cand Fig, 2 shows the ahaﬁe
pointse cf

A capszcitor 1s used as a storage device. 3Swltehing
of the capaciltor and all other commutatlong ar e affected

- using & typs ﬁhiéﬁé Vapukng awitelh, The capacloor, whieh

18 commected to the moving contact of this selector, is

#x{4) belng examined at the start of ‘the cyele, Then the

gapacitor ig connected in series with the input of the
gubtracting unit st the moments of tlms t%?iﬂ t4T,, etc.s

4thereﬁy supplying constant-smplitude pulses tlll the be-

function are obvious. B di'"dthtﬂgﬁ howsver, 18 that thils

are als appiicarle.tm compubtation of the correlatlon funec-.

Fieure 1 shows the bleck dilagraw of the equipment, |

charged thr W the firat statlonary contact to the voltage
) o

t
&
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i
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ginning of thﬁ next cyedﬁ@ In the next cyc?e, Lh@ constantg
value to be stored isg dnpruximataiy »qual to the voltage E

being studimd wt the moment of tlme u#to, eta,. _
The time-varleble voltage beiug,atudi@d is applied%

 to the second inpubt of the subtracting unlt, agaln by me ang

of the stepping swlteh.

4

Thus, the input of the %ubtrant.ng device recelves

x’

P two voltages wi?h different Line ghlfts., Therefore, n

SRNSERRR

pajnts f tne currelatiux function can be found by one sub7
tracting, and ?%m&vin unitv ]
|
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Flg. 10'Eﬂaok dlagram of an sutomatic structure-funcilon
L computers: 1) storage elementy 2) subtracting and squaring
unitg 3) igtaﬂvatowaﬁ Ly div&ctwcurr@nn ampLifier; 5) in-

AT L e

dlcator tube with photo attachment. ;
The square of the unknown voltage 1is éﬁpplied to

o N el e o

the integrators through another bank of the Stepping switc
L‘L .
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fing whie¢h belong to one - V&lue of th@ time shift are added

plate, Thu& tha'ﬁ%vuaturﬁ function is displayed on the tube

iwhich can be achieved with the apparatus ggggggggnggnzmnngi

e B AL oy

in ﬁueh a mﬁnnar that the remﬂx of subtraction and squar- |,

ot

:
in each Integration, After ecmpleting the int@grauion, the;
volﬁaga is ﬁakem'from the i tegrators by the step ping awit&h
and supplied via the di P ot SULPTENT amplifier to the verti—{
eal defleot ting plates of the indicating esclllogecope. Hére;

& ﬁiﬁﬁﬁ@*& swesp i® supplied to the horizontal defleetion

aav@@ﬁ, and Gan bw abg@p{ad ~ﬁﬁwa11 or photographed,

Jﬁﬁ us now Gﬁiﬂidw? the detzmils of the separate
blaﬁk&z | |

L. The storvage srrorg result from inbﬁmplﬁte aharg-
ing of the ecapacitor and p&rﬁxal dissharge on connection
to ths ﬁubtrﬁmtimg unit,

The sonditions for the minimum storage errors are!

MBR,,C,
rzm‘cﬁ Rpasp C

1) eharging; 2) discharging.
wh&ﬁ%l&t 18 the duration of the stepping-switch's contact E
time. and depends on ﬁhe'vaioeity of its motlon; n is the :
number of polnts of the function to be caléulated,

The wmaximum frequeney of the process whieh is not

distorted by the selector and the duration of the delays
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the veloelty of movement,

3
B

In our case, C = 25}41?, Rdiﬁ == Q.5 megohms, and

stor
Rch = 500 ohms, These parameters ensure an asccuracy of 0,5%
for a stepping-switch rate of 10-20 steps per second, The
upper pasgsed fraquency 1s 2#3 ¢ps, the minlmum delay is
0,05 seconds? and ths maximuﬁ is 3 seconds,

2, We obtain  the absolute value - of the differ-
ence at the output of the subtractor, because the dynamie
renge doubles when the modulus is fed to the input of the
squaré»l&w genergtor, The error of the gubtractor, referre@
to the meximum value of the difference, is 0.5%. , ?

3. Bguaring is carrled out on slternating current,
Telangular pulses wlth periad”and amplitude peoportlicnal
to the‘;nput,valtaga are'ﬁhaped in the sguare-law generatopP.
The error of this generatop, referred to the whole range
of 1ts operation, is 1%.

- The clrcults of the subtracting and squaring de-
Qiceé are ghown In Flg. 3. ,

4, Rather large RC networks (RC = 10k sec) are used
‘a8 integrators in the circult. The use of such simple in-
tegfatorﬁ 18 possibie because due to the switehing of the
selector gwitch, the integration tine 18 2 fraction of the

time during which the procegs 1&g belng examingd.

If the processeexamination time 18 2-3 minutes,
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Flg. 2, Shape of voltages at different points of the
block diagrsm in Flg,. 1.
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the operation time of the integrator i1s only about 5-7 sec-

mew—-

onds, For RC = 104 sec, the error of integrétiﬁn lg 2.5~ 3%

l

Tube clrcults ghould be used to obtain high pﬂeciaian.

5. As noted above, the indlcator is an osaillo&cep@,

and the calculated functlon is displayed as a serlies of E

. | i
digerete polints on Lty sereen, }

¢

: €., The posgibility of error due to incorrect trarsﬁ

migsion of the voltages by the stepping switch, especlally
for values &1 v, should be noted., In order to eliminate |

erpors of this kind, the condition of the selector contactd
2 g

"

Section 4,

,
o
L]

A noise generator was used for & final check

the operatlon of the spparatusg; thi with

®

favd

generated nols
a known correlation function which, in 1iis8 spectral compo-

sition and distribution, approximated the random varlation

:Qf the amplitude of a algnal reflected by +he lonosphere,

't The apparatus wag used for computing the ﬁﬁructural fune-

i tion and the average difference modulus of the random pro-

cess, The nolse amplitude was simultansocusly recorded on

photographic fllm and tabulated, and the same function comé

puted on a type SASL computer

In order to separate the Instrumental error from
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random process: O — polints ob-
tained with the correlator; 4 —

caleulated polnbs.
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¥ig, 5. Mean modulug of differ-
ence of a random process: O -

pointﬂ obtained wilth the corre-
lator; < - calculated points
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the statistical error due to the finlte discrete selection,

e e

digerete values of the amplitude selected by the apparatus:

e

were brightend for photography of the nolse; then dig-
erete amplitude values selected by the ingtrument were Pea%.

Flgure L ghows structure fgﬁctiana of a random prog
cess obtained with the apparvatus and cam@uted with an SASILL
Flgure 5 shows the corresponding mean modull of the dif-
ference, Such & comparison was repeated geveral times., The
instrumental ervor amcunts to spproximately 2% for the
mean wodulus, and 3-4% for the structure funetlon, when ;
1t is referred to the maximum caleulated value, It Ehoplé?
be noted that the tatulation errcr iz included in this er-
ror,

Pigure 6 ghows geveral structure functions of ﬁhﬁ
amplitude of a signal reflected from the ionosphere as ob-

tained with the gcrrelat&rg

' Section 5.
Owing to the application of discrelte selectlon, 114
is possible to obtaln within the same time interval four |
v structural funetlons for thré&-sign&ls with ané function
generator, This is necessary in 1nve&tigations of the
ionosphere,

This 1s achleved by alternately feeding signal
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amplitudes from all three observation point® to the input

of bloek 2 (Fig., 1) with the atd of thé selector gswiteh in

such & manner that three ampultuaem with all time shlfts
- are on the{ﬁam@ tlme axis, The separation of these values
for the regpechive intvegrators ig aceomplighed by the step

‘ping switch,

: " . = _
The norm of the structure function 28~ is equal to
, MMMme_“ﬁb ‘ o
(x ~x,)° fﬁﬁ T ror whnich R{T) == 0. The delay of the pro-

cess by & time T 45 tines greater than the radius of cor~
relation 1s achleved hw an additional element consisting |
of storape capscltors and a tepping,awiﬁch which has 8
rate 1/5 to 1/% that of the other selestors, Subtraction
znd sguaring of this term 1s 6btaineﬁ by wging the blocks
de&avib@d ahove,

In this manner, one of the pointe on the indlcaton
(for example, the last one) will corvespond to 252 op the

unlt 1&Vu3 of the function helng computed

Lﬁﬁc USTONRS
The operating princlple of the automatic eguip-

-

ment discussed above is applicable to the processing of
randon process date with s fr&quercy arac,rum of 0-3 cps,
The spectrum can be brosdened by inereaging the speed of

the stepping switch and by appfopriate variatlion of the

¥

e 18 e




2 PSR SRR IS Y P v‘«:.

Lquipment raramsters, The error of the equipment is 2~4%,

The electrical civauiﬁry of the ayaﬁemhiﬂ éimple;
it contains eleven electron tubes, not coﬁnting tﬁ@ indicatér
tube and the pawéb SUpPly. | |
There e nd»sp@ciai'm@ehanical deviees requiring
preclelon f&briaatimn, ﬁﬁch5aﬁ tape tranapmvté,

?ha aqmpﬁting time of the fuﬁctimn coincldes with
thie time of 6bm§évatiﬁm of the processy there is no time

logs for preliminary flxation; therfore the varlaticns of ;

g

the eorrelatlion characsteristics of the reflected fleld can

be exawined. o ;
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